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Scheduling parallel sessions of an academic meeting is a compli-
cated task. If each presentation is assigned to an appropriate session,
an antiferromagnetic Potts model can be used for semi-automatic
timetabling. The timetabling method proposed here is based on
graph coloring and includes additional constraints to be considered
in a practical situation. We examine the feasibility of semi-automatic
timetabling in some practical examples.
There are often many parallel sessions in an academic
meeting, and scheduling them is a complicated task. After
collecting the information about all presentations, organizers
need to (1) organize presentations into appropriate sessions;
(2) assign a timeslot to each session; and (3) allocate a meet-
ing room to each session. The most complicated process is
probably assigning timeslots as some constraints need to be
considered. For example, presentations by the same presen-
ter in different sessions should not be in the same timeslot.
Further, sessions with the same topic and those with largely
overlapped audiences should not be in the same timeslot.
Timetabling, i.e., assigning timeslots, under such complicated
constraints is a practical application of graph coloring, which
is an NP-complete combinatorial problem.1)
Graph coloring, especially the coloring of random graphs,
has attracted considerable interest from different fields such
as mathematics, computer science, and statistical physics.2)
Given a graph (or network) and q available colors, the prob-
lem consists in coloring the nodes (or vertices) such that
no pair of nodes connected by an edge (or link) has the
same color. In the timetabling problem, node, color, and
edge correspond to session, timeslot, and constraint, respec-
tively. For large random graphs, there exists a critical aver-
age connectivity (vertex degree) beyond which a graph be-
comes uncolorable with q colors. The colorable/uncolorable
(COL/UNCOL) transition and some other phase transitions
were extensively studied by using antiferromagnetic q-state
Potts models.3–9) In the antiferromagnetic Potts model, energy
contribution arises when interacting (neighboring) nodes are
in the same state, while no contribution arises from neighbor-
ing nodes in different states. Thus, finding the ground state of
the Potts model is equivalent to graph coloring.
In this study, we focus on timetabling (assigning timeslots
to sessions), which is a part of academic meeting schedul-
ing. Here, we assume that all presentations are already or-
ganized into appropriate sessions. Two additional constraints
are considered other than the constraint between sessions that
should avoid the same timeslot. One is avoidance constraint
on timeslots: some sessions often need to avoid particular
timeslots for some reason. The other is the number of meet-
ing rooms: the number of available rooms is often limited.
These constraints are incorporated into an antiferromagnetic
Potts model with additional terms. The model enables semi-
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Fig. 1. (Color online) Graph of constraints between oral sessions (exclud-
ing special sessions such as symposia) in Division 11 at 2017 Annual Meeting
of the JPS. Sessions with no edges are not shown.
automatic timetabling in the sense that the task of assigning
timeslots no longer bother organizers. The aim of this article
is to propose a key idea to realize semi-automatic timetabling.
Suppose that variable si is the timeslot assigned to session
i, the number of available timeslots is q, and the number of
sessions is N (si = 1, . . . , q, i = 1, . . . ,N). The Hamiltonian
to be considered here reads
H =
∑
i, j
Ji jδ(si, s j) +
N∑
i=1
q∑
k=1
wikδ(si, k) +
q∑
k=1
max(Nk −Rk, 0),
(1)
where δ(si, s j) denotes the Kronecker delta. The first term of
the right-hand side (RHS) in Eq. (1) represents the constraint
between sessions that should avoid the same timeslot. If no
constraint exists between sessions i and j, Ji j = 0; otherwise,
Ji j > 0. The second term of the RHS in Eq. (1) represents
the avoidance constraint. If session i needs to avoid timeslot
k, wik > 0; otherwise wik = 0. The third term of the RHS
in Eq. (1) comes from the limited number of meeting rooms.
Nk =
∑N
i=1 δ(si, k) is the number of sessions in timeslot k, and
Rk is the number of available rooms in timeslot k. The third
term gives a contribution only when Nk > Rk.
Now, we examine practical examples: meetings of the
Physical Society of Japan (JPS). In particular, we focus on
sessions of Division 11 (Fundamental Theory of Condensed
Matter Physics, Statistical Mechanics, Fluid Dynamics, Ap-
plied Mathematics, Socio- and Econophysics), which is one
of the largest divisions in the JPS. At each Annual/Autumn
(or Spring) Meeting, over 200 oral presentations are given in
Division 11 in four days. Presentations are organized into ses-
sions, based on the primary keyword of each presentation. Di-
vision 11 has some rules about constraints between sessions.
The graph in Fig. 1 illustrates the rules (as of March 2017).
Organizers have to assign a timeslot to each session so that
the constrains are satisfied. The number of available timeslots
is 7 for an Annual Meeting and 8 for an Autumn (or Spring)
Meeting.
The graph of constraints between sessions at each meet-
ing has similar properties to each other. Table I shows prop-
erties of the graphs of the last four major meetings. There
are about 30 oral sessions (excluding special sessions such
as symposia) in Division 11. Some of these sessions have no
constraint between other sessions. The average connectivity is
less than 5, which is far lower than the coloring threshold cs
for random graphs. For instance, in the q-coloring problem on
Erdo¨s-Re´nyi graphs, cs ' 24.255 for q = 7 and cs ' 30.355
for q = 8.7) The number of nodes in the maximum clique is
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Table I. Properties of graphs of constraints between oral sessions (exclud-
ing special sessions) in Division 11 of the JPS. The number in parentheses is
the number of oral sessions including ones with no edges. Overlaps of pre-
senters are not taken into consideration.
2017 2016 2016 2015
Annual Autumn Annual Autumn
The number of nodes 27 (31) 26 (31) 28 (31) 24 (29)
Average connectivity 4.815 4.846 3.929 4.167
Maximum clique 6 6 5 6
Fig. 2. (Color online) Success rates of timetabling plotted as functions of
the ratio of avoidance constraints. The number of nodes is N = 31, and the
number of available timeslots is q. The total number of meeting rooms is
given by N. Actual graph is the graph, which is shown in Fig. 1, of constraints
between oral sessions in Division 11 at 2017 Annual Meeting of the JPS. It
includes nodes with no edges. ER graph is an Erdo¨s-Re´nyi graph with the
same number of nodes and average connectivity as the actual graph.
less than 7 or 8. Here, a clique is the subgraph that is a com-
plete graph. For coloring a graph with a k-node clique, at least
k colors are needed. These facts indicate that a typical graph
of constraints such as that listed in Table I is colorable unless
additional constraints are considered.
We investigate the effects of the additional constraints,
namely, avoidance constraints and the limited number of
meeting rooms, using the Potts model given by Eq. (1). To
simplify the problem, the values of Ji j and wik are restricted to
0 or 1. In this situation, H = 0 if and only if all constraints are
satisfied. Although Ji j is given from the graph of constraints
between sessions, wik is given randomly. In other words, each
session is supposed to avoid each timeslot with a certain prob-
ability. For given parameters Ji j, wik, and Rk, we look for a
combination of variables si that gives H = 0, using a simu-
lated annealing method.
Avoidance constraints strongly influence the coloring of
graphs, which is illustrated in Fig. 2. The ratio of avoidance
constraints is the ratio that wik = 1. The success rate is the
ratio of the samples that achieved H = 0 among all 1000
samples with different combinations of wik’s (and also differ-
ent combinations of edges in Erdo¨s-Re´nyi graphs). The graph
shown in Fig. 1 is used as an actual graph. Here, however,
it includes nodes without any edges. Even when the ratio of
avoidance constraints is 0.5, the success rates are above 0.5,
although those of q = 7 are lower than those of q = 8, which
is as expected. Almost the same results are obtained when we
use Erdo¨s-Re´nyi graphs with the same number of nodes and
average connectivity as the actual graph. In contrast to avoid-
ance constraints, dependence on the number of meeting rooms
was negligible, which is not demonstrated here.
The results in Fig. 2 imply that the antiferromagnetic Potts
model given by Eq. (1) leads to successful scheduling unless
constraints are severe. In some cases, however, not all con-
straints are satisfied. For example, if the size of the maximum
clique is larger than the number of available timeslots, some
constraints are certainly unsatisfied. It is also difficult to find
a solution with H = 0 when the ratio of avoidance constraints
is high. If constrains are severe, it is sometimes good enough
to find a solution with the minimum H in a practical situation.
In conclusion, the antiferromagnetic Potts model was pro-
posed to realize semi-automatic timetabling in an academic
meeting. Simple numerical simulations demonstrated that the
model is helpful for timetabling in typical cases where the
number of sessions and the ratio of avoidance constraints are
similar to those of Division 11 of the JPS.10) Although the
small-scale simulations are useful for practical applications,
they are insufficient to generalize the problem. To discuss the
effectiveness of the model further, more powerful methods
such as the cavity method,11, 12) exchange Monte Carlo,13) and
simulated tempering14, 15) should be used. We hope that this
article will stimulate the statistical physics community and
that automatic scheduling of a whole academic meeting will
be realized in the future.
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